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FOREWORD 

This Indian Standard (Part 3) (Second Revision) was adopted by the Bureau of Indian Standards, after the 
draft finalized by StatisticalMethods for Quality and Reliability Sectional Committee had been approved by the 
Management and Systems Division Council. 

This standard was originally published in 1971 and covered the industrial applications of three main tests of 
significance, namely, /-test, F-i^si and x^-test. It was then revised in 1977 into four parts to include tests for 
normality and also some non-parametric tests, which have wide application in industry. 

This revision of the standard has been undertaken to 

a) include basic concepts of testing of hypothesis, 

Jb) exclude the graphical test for normality as it is not a method of test of significance. Moreover, for this 
purpose, a separate IS 12348 : 1998 'Use of probability papers,' already exists, and 

c) incorporate many technical and editorial corrections. 

Some of the statistical tests of significance discussed in Parts 1 and 2 of this standard are based on the assumption 
that the variable under consideration follows normal distribution. But it is not always necessary to apply the test 
for normality whenever the statistical tests based on normality assumptions are used. For example, this test may 
not be applied in case of robust tests because the test results are little affected even if the normaHty assumption 
does not hold good. Student's Mest is one such test where the test of normality is not very important. However, 
where the tests are not robust and there is doubt about the normality assumption, the use of this standard may be 
very useful or even necessary. 

The use of normality tests is not limited to the cases mentioned above. Normality tests are also used to check the 
validity of normal distribution for statistical purposes or, where a generating process produces items where 
parameters are distributed in accordance with normal distribution. 

In addition to this Part 3, IS 6200 has following three parts: 
Part 1 Normal, /- and F-tests 
Part 2 x'^-test 
Part 4 Non-parametric tests 

The composition of the Committee responsible for the formulation of this standard is given in Annex E. 
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1 SCOPE 



This standard (Part 3) gives the following tests for 

normality: 

a) x^-test, 

b) Normal test based on skewness and kurtosis, 

c) Shapiro-Wilk test, and 

d) D'Agostino test. 

2 REFERENCES 

The following standards contain provisions, which 
through reference in this text constitute provisions of 
this standard. At the time of publication, the editions 
indicated were valid. All standards are subject to 
revision and parties to agreements based on this 
standard are encouraged to investigate the possibility 
of applying the most recent editions of the standards 
indicated below: 

Title 

Statistical tests of significance: 

Normal, t- and /^-tests 

X^-test 

Statistical vocabulary and symbols: 

Probability and general statistical 
terms {second revision) 

Statistical quality control {second 
revision) 

Statistical models for industrial 
applications: Part 2 Continuous 
models 

Use of probability papers 



IS No. 

6200 
(Part 1) 
(Part 2) 

7920 
(Part 1) 



2003 
2003 

1994 



(Part 2) : 1994 

9300 (Part 2): 
1979 

12348 : 1988 



3 TERMrNOLOGY 

For the purpose of this standard, the definitions as given 
in IS 7920 (Part 1) and IS 7920 (Part 2) shall apply. 

4 BASIC CONCEPTS 

4. 1 Statistical tests of significance are important tools 
in decision-making. They are extremely useful in 
finduig out whether, in the case of one population, the 
mean value differs significantly from certain specified 
value or whether, in the case of two populations, the 
mean values differ significantly from each other. Thus, 
it may be desirable to find out whether a new germicide 
is more effective in treating a certain type of infection 



than a standard germicide, whether a new method of 
sealing light bulbs will increase their life or whether 
one method of preserving foods is better than another 
in so far as the retention of vitamins is concerned. In 
such cases, it would be necessary to examine whether 
the mean values can be deemed as same or different. 
There may also be cases where it may be worthwhile 
to find out whether one inspector is more consistent 
than another or whether a new source of raw material 
has resulted in a change in the variability of the output, 
or whether the temperature of the bath in which the 
cocoons are cooked affects the uniformity of the quality 
of silk. In these cases it will be necessary to determine 
whether the variances are the same or not. 

4.2 Formulation of Hypotheses 

For -taking a decision using statistical tests of 
significance, the first step is to form the hypotheses, 
namely, Null Hypothesis {H^) and Alternative 
Hypothesis (//j). 

4.2.1 Null Hypothesis (H J 

The procedure commonly used is to first set up a null 
hypothesis regarding equivalence (no difference). The 
question on which the decision is called for, by applying 
the tests of significance, is translated in terms of null 
hypothesis in such a way that this null hypothesis would 
likely to be rejected if there is enough evidence against 
it as seen from the data in the sample. For example, a 
null hypothesis will be that the data follow a normal 
distribution. 

4.2.2 Alternative Hypothesis (H^) 

Alternative hypothesis is a hypothesis that will be 
preferred in case the null hypothesis is not true. 

4.3 Level of Significance 

4.3.1 There are two kinds of errors involved in taking 
the decision based on the tests of significance, namely, 

a) Type I Error — Error in deciding that a 
significant difference exists when there is no real 
difference. 

b) Type il Error — Error in deciding that no 
difference exists when there is a real difference. 

4.3.2 Type I error and Type II error are also called 
Error of the first kind and Error of the second kind 
respectively. This process of decision-making is 
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described in Table 1. 



Table! Process of Decision-Making 

(Clause 4.3.2) 



Reject //j, 
Accept //„ 



//„ True 

Type I error 
Correct decision 



//, True 

Correct decision 
Type II error 



4.3.3 Based on the distribution of test statistics used, it 
is possible to work out the probability of committing 
Type I error. The probability of committing Type I 
error is called level of significance (a). The probability 
of committing Type II error is called level of 
significance ((J). It is not possible to minimize both these 
probabilities (risk) at the same time. Hence, assigning 
to it a chosen level of probability controls one of the 
risks, usually of the first kind. Generally the value for 
level of significance is chosen as 0.05 or 0.01, that is, 5 
percent or 1 percent. This implies confidence level of 
95 percent or 99 percent respectively. 

4.4 The decision-making procedure involves the 
comparison of the calculated value of the statistic with 
the tabulated value. If the calculated value is greater 
than or equal to the tabulated value of the statistic, then 
//^ is rejected, thereby accepting 7/^; otherwise H^ is 
not rejected. For practical purpose, H^ not rejected is 
taken as if it is accepted. 

5 CHI-SQUARE (x") TEST FOR NORMALITY 

5.1 Chi-square test may also be used for testing the 
normality. Let there be n random sample observations. 



The frequency distribution is obtained from these 
observations. The expected frequencies for each class 
interval under the null hypothesis of normality is then 
obtained. The procedure for obtaining the expected 
frequencies is illustrated with an example given in 5.2 
[^-ee IS 9300 (Part 2)]. 

5.2 Example 

The mean and standard deviation of 150 observations 
of leakage current (jiA) taken on 1 50 electric irons are 
37.6 jiA and 12,3 fiA, respectively. These values are 
given in Table 2 in the form of frequency distribution. 
Test whether the data follow normal distribution. 

5.2.1 Here the null hypothesis is H^ : The data follow 
normal distribution, to be tested against the alternative 
hypothesis H^: The data do not follow normal 
distribution. 

5.2.2 The area of the left of upper limit af each class 
interval is calculated with the help of standard normal 
tables [see IS 9300 (Part 2)] as given in Table 3. 

5.2.3 Applying x^-XqsX for goodness of fit [see 
IS 6200 (Part 2)], that is, 

10 (o.-e.y 



The calculated value of x^ comes out as 3.69. The 
tabulated value for 7 degrees of freedom and at 5 percent 
level of significance is 14.07 is given in Annex A. Since 
the calculated value is less than the tabulated value, the 
null hypothesis that the data follow normal distribution 
is not rejected. 



Table 2 Frequency Distribution of Leakage Current 

(Clauses.!) 



Class-Interval 


(i) 


10.5- 


-15.5 


15.5- 


-20.5 


20.5- 


-25.5 


25.5- 


-30.5 


30.5- 


-35.5 


35.5- 


-40.5 


40.5- 


-45.5 


45.5- 


-50.5 


50.5 ■ 


-55.5 


55.5- 


-60.5 


60.5- 


-65.5 



Tally Mark 

(2) 



mi 

UUIII 

mm II 

III! an HI! I 

nil III! I I 1 1 jljl I 

III! nil //// //// //// //// 

mmmiii 

nil jilt ijij 

nil nil 

mill! 
m 



Frequency 

(3) 



6 
8 

12 
16 
21 
30 
18 
15 
10 
9 
5 



Total 



150 
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Table 3 Area Under Normal Curve to Left of Upper Limit of Each Class Interval 

{Clause 5.2.2) 



Upper Limit 
of Class 


x-37.6 


F(x)-Area 
to Left of z 


Area within 
Interval 


Expected 

Frequency (e.) 

-(4)x 150 ' 


Observed 

Frequency (o.) 


Interval 


12.3 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


15.5 


-1.80 


0.035 9 


0.035 9 


5.4 


6 


20.5 


-1.39 


0.082 3 


0.046 4 


7.0 


8 


25.5 


-0.98 


0.163 5 


0.081 2 


12.2 


12 


30.5 


-0.58 


0.281 


0.U75 


17.6 


16 


35.5 


-0.17 


0.432 5 


0.151 5 


22.7 


21 


40.5 


0.24 


0.594 8 


0.162 3 


24.3 


30 


45.5 


0.64 


0.738 9 


0.144 1 


11.6 


18 


50.5 


1.05 


0.853 1 


0.1142 


17.1 


15 


55.5 


1.46 


0.927 9 


0.074 8 


11.2 


10 


60.5 


1.86 


0.968 6 


0.040 7 


6A] 




91 


65.5 


2.27 


0.988 4 


0.019 8 


3.0 


^Pooled 


5 I Pooled 






1.000 


o.on 6 


1.8 , 




0. 



6 NORMALITY TEST BASED ON SKEWNESS 
AND KURTOSIS 

6.1 This test is based on the fact that if the sample is 
drawn from a normal population then the skewness 
(p3=0) and kurtosis (^=0) and kurtosis will be very 
near to zero and three respectively. For this purpose, 
the values of skewness and kurtosis are calculated from 
the observation using the following relations: 

Measurement m^^ [l//^ 

of Skewness (b ) 



Z 

i=l 



{x.-xf]' 



Measurement 

of Skewness (b^) = 



m^ 



m. 



[\ln Z (x.-xy] 

[\/n i{x.^-xy] 
[vn i(x.^~xyt 



he calculated values of b^ and b^ so obtained 



6.2 

are tested for M^ : ^^ = agarnst H^: : P, y and 
f/y : P, "" ^ against //,: : Pj Y 3 respectively 

6.2.1 For large samples, the statistics, 



//^ : P, -= and //^ : P^ ^ 3 are not rejected, then the data 
may be assumed to come from normal distribution. 

6,3 Example 

The mass (in kg) of 50 steel tubes of 100 mm nominal 
bore are given in Table 4. Test whether the data follow 
normal distribution. 

6.3.1 The calculations are as follows: 

Mean (x) = 1/50 Z x.- 10.14 

50 

m^ - 1/50 I (x. ~ 10.14^ = 0.202 

50 

^3 = 1/50 L(x. -10.14y=0.025 6 

50 

w, = 1/50 Z (x. -10.14y = 0.083 9 
b^ = m^^lm^' =0.079 5 
b^ = mjm^^ = 2m62 



6.2.2 The null hypothesis //^ : P^ =- is rejected if the 
valueofy /7/>|/6 is greater than the tabulated z value at 

a given level of significance [see IS 6200 (Part 1)], 
otherwise not. Similarly, the null hypothesis //^ : Pj ^ 
3 is rejected if the value of { | Z?2 - 3 ] V^ }/ -{lA is 
greater than the tabulated z value at a given level of 
significance {see IS 6200 (Part 1)], otherwise not. 

6.2.3 If both the above null hypotheses, namely, 




Since the calculated values of / \ and _J 

7 6 ^124" 

are less than 1.96, the null hypotheses, namely, 

//j^: P, =^ and H^, P2 "" 3 are not rejected at 5 percent 

level of significance, hence the data are assumed to 

follow normal distribution. 
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Table 4 Mass (kg) of Steel Tubes 

{Clause 6.3) 



10.35 


9.54 


10.18 


10.42 


10.15 


10.27 


10.08 


10.26 


10.28 


9.60 


9.65 


10.05 


9.23 


10.32 


10.25 


10.32 


10.10 


9.36 


10.55 


10.78 


10.25 


10.15 


9.48 


10.65 


10.35 


10.85 


10.60 


10.15 


9.86 


10.45 


9.72 


10.40 


10.36 


9.45 


10.94 


9.75 


10.72 


iO.48 


9.82 


10.63 


10.25 


9.70 


10.79 


9.40 


10.47 


9.35 


9.80 


10.82 


9.50 


10.15 



7 SHAPIRO-WILKTEST(3<«<50) 

7. 1 Let independent observations be arranged in non- 
decreasing sequence and be designated by x(j), 
.t(,), . . . ,x( ). The value of iS is calculated by the following 

reialion: 

where k = 1,2 n/2 when n is even 

= 1,2 {n-iyi when n is odd. 

The values of coefficient 'a^' are given in Annex B for 
different values of a? and k. 

7.2 If some observations are equal, the ordered series 
is enumerated by repeating the equal values as many 
times as they occur in the original series. 

7.3 The test statistic W is computed as: 

PV - 

n m^ 

7,3. 1 The null hypothesis, that is H^ : The data follows 
a normal distribution, is accepted at desired level of 
significance (5 percent or 1 percent), if the calculated 
value of W is greater than the tabulated value for given 
/?. The tabulated critical value of ^are given in Annex C 
for 5 percent and 1 percent levels of significance. 

7.4 Example 

Table 5 gives the annual rainfall collected at a 
meteorological station. For statistical reasons it is 
desired to investigate whether the annual rainfall follow 
normal distribution. 

Table 5 Rainfall in cm 

{Clause lA ) 



2.82 


8.47 


0.22 


0.92 


4.39 


6.56 


0.80 


2,43 


3.45 


6.49 


0.54 


3.88 


9.94 


7.44 


2.68 


2.07 


8.47 


4.97 


0.97 


6.85 


3.91 


9.02 


8.86 


1.79 


281 


1.62 


2.97 


1.32 


2.51 


7.20 



7.4.1 Table 6 gives the values of rainfall when arranged 
in non-decreasing order, 

7.4.2 In order to make the calculations easy, the 
procedure given in 7.4.2.1 is adopted. 

7.4.2.1 If the number of observations is even write the 
first nil values of x„ , in a column for x„ , {see col 2 of 

(k) (k) ^ 

Table 6). The last nil values of jc are entered from 
bottom in the next column for Ji- ^, ,„ that is, x, „^„th 

(n+l-k)' ' (n/2+1) 

value will be at the bottom and x, X\\ value in the 

(n) 

beginning of the next column for x j^. {see col 3 of 
Table 6). 



IA.1.1 If the number of observations is odd, write the 
first (/7-l)/2 values of x in a column for x , delete the 
middle value, and enter the last {n~\)l2 values of x^ 
from bottom of next column forx, 



(k) 



(n-fl-k)- 



7.4.3 



X - (1/30) Z X - 126.37/30 = 4.21 



nm. - I (x -x)^ 



254.00 



k ■- (n+l-k) 



"(k) 



0.425 4 X 9.72 + 0.294 4 x 8.48 + , 
+ 0.007 6 X 0.48 



W 



15.21 



n m. 



231.34 
254.00 



0,911 



7.5 Since the tabulated value of ^at 5 percent level of 
significance corresponding to n == 30 is 0.927 which 
exceeds the value of W obtained above, the null 
hypothesis, H^ ; The data follow normality, is rejected 
at 5 percent level of significance. 

8 D'AGOSTINOTEST(50</; < 1 000) 

8.1 When the number of observations is more than 50, 
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Table 6 Rainfall in Non-decreasang Order 

(Clause 1 A A) 



k 


^(k) 


^ (n+^k) 


^ {l»t^k) ^(k) 


«k 


'^kl-^Cn+l-k) ''^(k)! 

= (4)M5) 




(I) 


(2) 


(3) 


(4) 


(5) 


(6) 




1 


0.22 


9.94 


9.72 


0.425 4 


4.1349 




2 


0.54 


9.02 


8.48 


0.294 4 


2.496 5 




3 


0,80 


8.86 


8.06 


0.248 7 


2.004 5 




4 


0,92 


8.47 


7.55 


0.214 8 


1.6217 




5 


0.97 


8.47 


7.50 


0.187 


L402 6 




6 


1.32 


7.44 


6.12 


0.163 


0.997 6 




7 


1.62 


7.20 


5.58 


0.141 5 


0.789 6 




8 


1.79 


6.85 


5.06 


0.1219 


0.616 8 




9 


2.07 


6:56 


4.49 


0.103 6 


0.465 2 




10 


2.43 


6.49 


4.06 


0.086 2 


0.350 




11 


2.51 


4.97 


2.46 


0.069 7 


0.171 5 




12 


2.68 


4.39 


1.71 


0.053 7 


0.091 8 




13 


2.81 


3.91 


1.10 


0.038 I 


0.041 9 




14 


2.82 


3.88 


1.06 


0.022 7 


0.024 1 




15 


2.97 


3.45 


0.48 


0.007 6 


0.003 6 






5' = 15.212 2 





Shapiro-Wilk test cannot be applied. This test is also 
based on ordered statistics and is applicable only when 
the number of observations is more than 50. 

8.2 Let independent observations be arranged in 
non-decreasing sequence and is designated by 
x^.., A' ^ .V . The values of5' and D may be calculated 

(I) (2) (n) -f 

as follows: 



where k = 1, n/2 if/7iseven 

k = 1, , («-l)/2, if/7isodd 

a^= (/i+ l)/2~^, and 
S 

D - f=r- 

8.3 The test statistic is given by : 

Y - V^(D~ 0.282 l)/0.03 

8.4 Under the null hypothesis, //^ : The data follows 
norma! distribution, the value of y is zero. The critical 
values for /7 - 50 ( 1 0) 1 00 (50) 1 000 at desired level of 
significance are given in Annex D. If the calculated 



value of 7, for a given n and level of significance, He 
between lower and upper value, then the null hypothesis 
of normality is not rejected. 

8.5 Example 

The test results of the Hardness (in HB) of 54 tools 
are given in non-decreasing order in Table 7. It is to be 
tested whether the data comes from a normal 
distribution. 

8.6 Calculations 

m^ = (l/54)Z(x-x)2 = 11 685.62 
S 85 563 



Therefore, D = 



n^ ^ri 



2916X 108.1 



= 0.271 4 



Hence 



Y = 



^54 (0.217 4-0.282 1) 



0.03 



"2.61 



8.7 The lower and upper critical values of y from 
Annex D at 5 percent level of significance, when 
interpolated, comes out as -2.71 and 1 TO respectively. 
Since the calculated value of y lies between -2.71 and 
LIO, the null hypothesis of normality is not rejected at 
5 percent level of significance. 
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Table? Hardness of Tools (HB) 

{Clause 8.5) 



(1) 



(2) 



(3) 



''^{n4|-k) ^(k)' 



(4) 



''k 


^k^,v.i-kr^(k)l 




-(4)x(5) 


(5) 


(6) 


26.5 


14 681.0 


25.5 


12 750.0 


24.5 


9 849.0 


23.5 


7 896.0 


22.5 


6 547.5 


21.5 


5 439.5 


20.5 


4 469.0 


19.5 


4 056.0 


18.5 


3 422.5 


17.5 


3 010.0 


16.5 


2 673.0 


15.5 


2 309.5 


14.5 


1 986.5 


13.5 


1 539.0 


12.5 


I 337.5 


11.5 


1 046.5 


10.5 


861.0 


9.5 


731.5 


8.5 


416.5 


7.5 


307.5 


6.5 


65.0 


5.5 


49.5 


4.5 


36.0 


3.5 


17.5 


2.5 


10.0 


1.5 


1.5 


0.5 


0.5 




S -85 563.0 



1 


520 


2 


556 


3 


561 


4 


616 


5 


635 


6 


669 


7 


686 


8 


692 


9 


704 


10 


707 


11 


711 


12 


713 


13 


714 


14 


719 


15 


727 


16 


735 


17 


740 


18 


744 


19 


745 


20 


750 


21 


776 


22 


111 


23 


111 


24 


780 


25 


780 


26 


781 


27 


781 



074 


554 


056 


500 


963 


402 


952 


336 


926 


291 


922 


253 


904 


218 


900 


208 


889 


185 


879 


172 


873 


162 


862 


149 


851 


137 


837 


118 


834 


107 


826 


91 


822 


82 


821 


77 


794 


49 


791 


41 


786 


10 


786 


9 


785 


8 


785 


5 


784 


4 


782 


1 


782 


I 
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ANNEX A 

{Clause 5.2.3) 

CRITICAL VALUES OF x' - DISTRIBUTION 



- 

Degree of 

Freedom 


Significance Level 


0.05 


0.01 


(1) 


(2) 


(3) 


1 


3.84 


6.64 


2 


5.99 


9.21 


3 


7.82 


11.34 


4 


9.49 


13.28 


5 


11.07 


15.09 


6 


12.59 


16.81 


7 


14.07 


18.48 


8 


15.51 


20.09 


9 


16.92 


21.67 


10 


18.31 


23.21 


11 


19.68 


24.73 


12 


21.03 


26.22 


13 


22.36 


27.69 


14 


23.69 


29.14 


15 


25.00 


30.58 


16 


26.30 


32.00 


17 


27.59 


33.41 


18 


28.87 


34.81 


19 


30.14 


36.19 



Degree of 
Freedom 


Significance Level 


0.05 


0.01 


(1) 


(2) 


(3) 


20 


31.41 


37.56 


21 


32.67 


38.93 


22 


33.92 


40.29 


23 


35.17 


41.64 


24 


36.42 


42.98 


25 


37.65 


44.31 


26 


68.89 


45.64 


27 


40.11 


46.96 


28 


41.34 


48.28 


29 


42.56 


49.59 


30 


43.77 


50.89 


40 


55.75 


63.69 


50 


67.50 


76.15 


60 


79.18 


88.38 


70 


90.53 


100.42 


80 


101.88 


112.33 


90 


113.14 


124.12 


100 


124.34 


135.81 
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ANNEX B 


















{Clause 1 A 


) 














COEFFICIENTS a^^ NECESSARY TO CALCULATE 


'S' 






\ ^ 

k\ 


2 


3 


4 


5 


6 


7 


8 


9 


10 




] 


0.707 1 


0.707 1 


0.687 2 


0.643 1 


0.643 1 


0.623 3 


0.605 2 


0.588 8 


0.573 9 




2 


- 


.000 


.241 3 


.280 6 


.280 6 


.303 1 


.3164 


324 4 


.329 1 




3 


- 


- 


.000 


.087 5 


.087 5 


.140 1 


.174 3 


.197 6 


.214 1 




4 


- 


- 


- 


- 


- 


.000 


.056 1 


.094 7 


.122 4 




5 


- 


- 


- 


- 


- 


- 


- 


.000 1 


.039 9 






11 


12 


13 


14 


15 


16 


17 


18 


19 


20 


1 


0,580 1 


0.547 5 


0.535 9 


0.525 1 


0.515 


0.505 6 


0.496 8 


0.488 6 


0.480 8 


0.4734 


2 


.331 5 


.332 5 


.332 5 


.331 8 


.330 6 


.329 


.327 3 


.325 3 


.323 2 


.321 I 


3 


.226 


.234 7 


.241 2 


.246 


.249 5 


.252 1 


.254 


.255 3 


.256 1 


.256 5 


4 


.142 9 


.1586 


.170 7 


.1802 


.1878 


.193 9 


.198 8 


.202 7 


.205 9 


.208 5 


5 


.000 5 


.092 2 


.109 9 


.124 


.1353 


.144 7 


.1524 


.158 7 


.164 1 


.168 6 


6 


0.000 


0.000 


0.053 9 


0.072 7 


0.088 


0.100 5 


0.1109 


0.1197 


0.127 1 


0.133 4 


7 


- 


- 


.000 00 


.24 00 


.043 3 


.059 3 


.072 5 


.083 7 


.093 2 


.101 3 


8 


- 


- 


- 


- 


.000 


.019 6 


,035 9 


.049 6 


.061 2 


.071 1 


9 


- 


- 


- 


- 


- 


- 


.000 


.016 3 


.030 3 


.042 2 


10 


- 


- 


" 


- 


- 


- 


- 


- 


.000 


.014 




21 


22 


23 


24 


25 


26 


27 


28 


29 


30 


1 


0,464 3 


0.459 


0.454 2 


0.449 3 


0.445 


0.440 7 


0,436 6 


0.432 8 


0.429 1 


0.425 4 


2 


.318 5 


.3156 


.312 6 


.309 8 


.306 9 


.304 3 


.301 8 


.299 2 


.296 8 


.294 4 


3 


,257 8 


.257 1 


.256 3 


.255 4 


,254 3 


.253 3 


.252 2 


.251 


.249 9 


.248 7 


4 


.211 9 


.213 1 


.213 9 


.214 5 


.214 8 


.215 1 


.215 2 


.215 1 


.215 


.214 8 


5 


.173 6 


.1764 


.1787 


-180 7 


.1822 


.183 6 


.184 8 


.185 7 


.1864 


.187 


6 


0.1399 


0.144 3 


0.148 


0.151 2 


0.153 9 


0.156 3 


0.1584 


0.160 1 


0.161 6 


0.163 


7 


.109 2 


.1150 


.120 1 


.124 5 


.1283 


.131 6 


.134 6 


.137 2 


.139 5 


.141 5 


8 


.080 4 


.087 8 


.094 1 


.099 7 


.104 6 


.108 9 


.1128 


.1162 


.1192 


.1219 


9 


.053 


.061 8 


.069 6 


.076 4 


.082 3 


.087 6 


.092 3 


.096 5 


.1002 


.103 6 


H) 


.026 3 


.036 8 


.045 9 


.053 9 


.061 


.067 2 


.072 8 


.077 8 


.082 2 


.086 2 


n 


0,000 


0.0122 


0.022 8 


0.0321 


0.040 3 


0.047 6 


0.054 


0.059 8 


0.065 


0.069 7 


12 


- 


- 


.000 


.0107 


.020 


,028 4 


.035 8 


.042 4 


.048 3 


.053 7 


13 


- 


- 


- 


.000 




.009 4 


.017 8 


.025 3 


.032 


.038 1 


i4 


- 


- 


- 


- 


- 


- 


.000 


.008 4 


.015 9 


.022 7 


15 


- 


- 


- 


- 


- 


- 


- 


- 


.000 


.007 6 




31 


32 


33 


34 


35 


36 


37 


38 


39 


40 


1 


0,422 


0.418 8 


0.415 6 


0.412 7 


0.409 6 


0.406 8 


0.404 


0.401 5 


0.398 9 


0.396 4 


2 


,292 1 


.289 8 


.2876 


.285 4 


.283 4 


.281 3 


.279 4 


.277 4 


.275 5 


.273 7 


3 


.247 5 


.246 3 


.245 I 


.243 9 


,242 7 


.241 5 


.240 3 


.239 2 


.238 


.236 8 


4 


,214 5 


.214 1 


.213 7 


.213 2 


.212 7 


.212 7 


.211 6 


.211 


.2104 


.209 8 


5 


.1874 


.1878 


.1880 


.188 2 


.188 3 


.188 3 


.188 3 


.188 1 


.1880 


.187 8 


6 


, 1 64 1 


.165 1 


.166 


.166 7 


.1673 


.1678 


.168 3 


.1686 


.1689 


.169 1 


7 


.143 3 


.144 9 


.146 3 


.1475 


.148 7 


.149 6 


.1505 


.1513 


.152 


.152 6 


8 


.1243 


.126 5 


.1284 


.130 1 


.131 7 


.133 1 


.1344 


.135 6 


.1366 


.137 6 
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v 


31 


32 


33 


34 


35 


36 


37 


38 


39 


40 


'\ 






















9 


.1066 


.109 3 


.111 8 


.1140 


.1160 


.1179 


.1196 


.121 1 


.122 5 


.123 7 


If) 


,089 9 


.093 1 


.096 1 


.098 8 


.101 3 


.103 6 


.105 6 


.107 5 


.109 2 


.1108 


1! 


0.073 9 


0.077 7 


0.081 2 


0.084 4 


0.087 3 


0.090 


0.092 4 


0.094 7 


0.096 7 


0.098 6 


12 


.058 5 


.062 9 


.066 9 


.000 6 


.073 9 


.077 


.079 8 


.082 4 


.084 8 


.087 


13 


.043 5 


.048 5 


.053 


.0577 


.061 


.064 5 


.067 7 


.070 6 


.073 3 


.075 9 


14 


.028 9 


.034 4 


.039 5 


.044 1 


.048 4 


.052 3 


.055 9 


.059 2 


.062 2 


.065 1 


IS 


.014 4 


.020 6 


,026 2 


.031 4 


.036 1 


.040 4 


.044 4 


.048 1 


.051 5 


.054 6 


16 


.000 


.006 8 


.013 1 


.018 7 


.023 9 


.028 7 


.033 1 


.037 2 


.040 9 


.044 4 


17 


- 


- 


.000 


.006 2 


.011 9 


.017 2 


.022 


.026 4 


.030 5 


.034 3 


JS 


_ 


- 


- 


- 


.000 


.005 7 


-Oil 1 


.015 8 


.020 3 


.024 4 


19 


- 


- 


- 


- 


~ 


- 


.000 


.005 3 


.010 1 


.014 6 


20 


- 


- 


- 


- 


- 


- 


- 


- 


.000 


.004 9 




41 


42 


43 


44 


45 


46 


47 


48 


49 


50 


1 


0.384 


0.391 7 


0.389 4 


0.387 2 


0.3850 


0.3830 


0.380 8 


0.378 9 


0.377 


0.375 1 


2 


.2719 


.2701 


.2684 


.2667 


.2651 


.2635 


.2620 


.2604 


.2589 


.2574 


3 


.2357 


.2345 


.2334 


.2323 


.2313 


.2302 


.2291 


.2281 


.2271 


.2260 


4 


.209 1 


.208 5 


.207 8 


.207 2 


.2065 


.205 8 


.205 2 


.204 5 


.203 8 


.203 2 


5 


.1876 


.1874 


.187 1 


.186 8 


.1865 


.1862 


.185 9 


.185 5 


.185 1 


.184 7 


6 


0.1-69 3 


0.169 4 


0.169 5 


0.169 5 


0.169 5 


0.169 5 


0.169 5 


0.169 3 


0.169 2 


0.169 1 


7 


.153 1 


.153 5 


.1539 


.1542 


.154 5 


.154 8 


.1550 


.155 1 


.1556 


.1554 


8 


.!384 


.1392 


.1398 


.140 5 


.141 


.141 5 


.1420 


.142 3 


.142 7 


.143 


9 


.124 9 


.125 9 


.1269 


.127 8 


.1286 


.129 3 


.130 


.1306 


.131 2 


.131 7 


10 


.1123 


.1136 


.1149 


.1160 


.1170 


.1180 


.1189 


.1197 


.120 5 


.1212 


11 


0.100 4 


0.102 


0.103 5 


0.104 9 


0.106 2 


0.107 3 


0.108 5 


0.109 5 


0.II05 


O.III 5 


12 


.089 1 


.090 9 


.092 7 


.094 3 


.095 9 


.097 2 


.0986 


.099 8 


.101 


.102 


13 


.078 2 


.080 4 


.082 4 


.094 2 


.086 


.087 6 


.089 2 


.090 6 


.091 9 


.093 2 


14 


.067 7 


.070 1 


.072 4 


.075 4 


.076 5 


.078 6 


.080 1 


.081 7 


.083 2 


.084 6 


15 


.057 5 


.060 2 


.062 8 


.065 1 


.067 3 


.069 4 


.0713 


.073 1 


.074 8 


.076 4 


16 


0.047 6 


0.050 6 


0.053 4 


0.056 


0.058 4 


0.060 7 


0.062 8 


0.064 8 


0.066 7 


0.068 5 


17 


.037 9 


.041 1 


.044 2 


.047 1 


.049 7 


.052 2 


.054 6 


.056 8 


.058 8 


.060 8 


18 


.028 3 


.031 8 


.035 2 


.038 3 


.041 2 


.043 9 


.043 5 


.048 9 


.051 1 


.053 2 


39 


.0188 


.022 7 


.026 3 


.029 6 


.032 8 


.035 7 


.038 5 


.041 1 


.043 6 


.045 9 


20 


,009 4 


.013 6 


.017 5 


.021 1 


.024 5 


.027 7 


.030 7 


.033 5 


.036 1 


.038 6 


21 


0.000 


0.004 5 


0.008 7 


0.012 6 


0.016 3 


0.019 7 


0.022 9 


0.025 9 


0.028 8 


0.031 4 


22 


- 


- 


.000 


0.004 2 


.Oil 8 


.Oil 8 


.015 3 


.018 5 


.021 5 


.024 4 


23 


- 


- 


- 


- 


.000 


.003 9 


.007 6 


.011 1 


.014 3 


.017 4 


24 


- 


- 


- 


- 


_ 


- 


.000 


.003 7 


.007 1 


.010 4 


25 


" 


- 


" 


_.. 


- 


- 


- 


- 


.000 


.003 5 
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ANNEX C 
(Clause 7. 3.1) 

SHAPIRO-WILK TEST — CRITICAL VALUES OF W 





Level of Significance 


n 


Level of Significance 




5 percent 


1 percent 


5 percent 


1 percent 




0.767 


0.753 


26 


0.920 


0.891 


4 


.648 


.687 


27 


.923 


.894 


5 


.762 


.686 


28 


.924 


.896 








29 


.926 


.898 


6 


0.788 


0.713 


30 


.927 


.900 


7 


.503 


.730 








8 


.818 


.749 


31 


0.929 


0.902 


9 


.829 


.764 


32 


.930 


.904 


10 


.842 


.781 


33 


.931 


.906 








34 


.933 


.908 


II 


0.850 


0.792 


35 


.934 


.910 


12 


.859 


.805 








13 


.866 


.814 


36 


0.935 


0.912 


14 


.874 


.825 


37 


.936 


.914 


15 


.881 


.835 


38 


.938 


.916 








39 


.939 


.917 


16 


0.887 


0.844 


40 


.940 


.919 


17 


.892 


.851 








18 


.897 


.858 


41 


0.941 


0.920 


19 


.901 


.863 


42 


.942 


.922 


20 


.905 


.868 


43 


.943 


.923 








44 


.944 


.924 


21 


0.908 


0.873 


45 


.945 


.926 


22 


.911 


.878 








23 


.914 


.881 


46 


0.945 


0.927 


24 


.916 


.884 


47 


.946 


.928 


25 


.918 


.888 


48 


.947 


.929 








49 


.947 


.929 








50 


.947 


.930 
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ANNEX D 

{Clauses 8.4 and 8.7) 

D'AGOSTINO TEST — CRITICAL VALUES OF y 





Level of Significance 


n 


5 Percent 


1 Percent 




Lower 


Upper 


Lower 


Upper 


50 


-2.74 


1.06 


-3.91 


1.24 


60 


-2,68 


1.13 


-3.81 


1.34 


70 


-2,64 


1.19 


-3.73 


1.42 


80 


-2.60 


1.24 


-3.67 


1.48 


90 


-2.57 


1.28 


-3.61 


1.54 


100 


-2.54 


1.31 


-3.57 


1.59 


150 


-2.452 


1.423 


-3.409 


1.746 


200 


-2.391 


1.496 


-3.302 


1.853 


25.0 


-2.348 


1.545 


-3.227 


1.927 


300 


-2.316 


1.528 


-3.172 


1.983 


350 


-2.291 


1.610 


-3.129 


2.026 


400 


-2.270 


1.633 


-3,094 


2.061 


450 


-2.253 


1.652 


-3.064 


2.090 


500 


-2.239 


1.668 


-3.040 


2.114 


550 


-2,226 


1.682 


-3.019 


2.136 


600 


-2.215 


1.694 


-3.000 


2.154 


650 


-2.206 


1.704 


-2.984 


2.171 


700 


-2.197 


1.714 


-2.969 


2.185 


750 


-2.189 


1.722 


-2.956 


2.199 


800 


-2.182 


1.730 


-2.944 


2.211 


850 


-2.176 


1.737 


-2.933 


2.221 


900 


-2.170 


1.743 


-2.923 


2.231 


950 


-2.164 


1.749 


-2.914 


2.241 


1 000 


-2.150 


1.754 


-2.906 


2.249 
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